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Purpose of this document

Innovative Technology Summary Reports are designed to provide potential users with the
information they need to quickly determine if a technology would apply to a particular
environmental management problem. They are also designed for readers who may recommend
that a technology be considered by prospective users.

Each report describes a technology, system, or process that has been developed and tested
with funding from DOE'’s Office of Science and Technology (OST). A report presents the full
range of problems that a technology, system, or process will address and its advantages to the
DOE cleanup in terms of system performance, cost, and cleanup effectiveness. Most reports
include comparisons to baseline technologies as well as other competing technologies.
Information about commercial availability and technology readiness for implementation is also
included. Innovative Technology Summary Reports are intended to provide summary
information. References for more detailed information are provided in an appendix.

Efforts have been made to provide key data describing the performance, cost, and regulatory
acceptance of the technology. If this information was not available at the time of publication, the
omission is noted.

All published Innovative Technology Summary Reports are available on the OST Web site at
http://OST.em.doe.gov under “Publications.
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SECTION 1

SUMMARY

. TeChr]OlOgy Description e ——

A nea-infrared (NIR) spectroscopy system with a renfitter-optic probe wasaeloped and demonstrated to measure the
water content of highelel radioadize wastes from the undgound storage tanks at the Hanford Site in Rich¥&ashington.
The technology wasadeloped as a cosffectve and safer alterrigé to the thermogwimetric analysis (TGA) technique in use
as the baselin@his work was supported byefanksFocus Area (TFA) within the Department of Engy’'s (DOE) Gfice of
Science ath Technology (OST) in cooperation with the Hadfdark Waste Remediation System (TWRS) Program.

» A commerciallyavailable spectrophotometer was combined with a commereialiiable remotdiber-optic probe to create
the NIR system.

Figure 1 The NIR spectrometer and software require minimal space.

The NIR system uses aw-power light source to measure optical molecular absorption within a sarhjgdight beam is
passed througfiber-optic cable from the analyzer system to the probe inside a hot cell.

¢ Thefiber-optic cable usesxisting penetrations through the hot cell; these penetrations were designed for such cabling.
¢ Samples remain within the hot cell rather than being loaded out for analyses in a fume-hood.

O Water content is measured without directly contacting the sample.

The NIR system takes eahtage of the NIR optical reflection from a sample to determine total water concentvatien
concentration is determined from the NIR spectra using calibration models based on partial least squares (PLS) numerical
analysis methods. Calibration models lawit from simulant and real waste standards witbvikm moisture contents.

The NIR system mwvides fastaccurate data with relagly little sample preparation.

The inrovation of the NIR system is a ruggfider-optic probe that can suwe the harsh caustic and radiationionment
of the samples.

The NIR system mwides real-time moisture data with similar aceyras TGA or other standard moisture assay methods.
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SUMMARY continued

B Technology STATUS  osssss——————

» The NIR probe has been deployed into a hot cell at the HanforavBé@ee tank samples are urglging a number of
chemical and physical characterization procedures.
¢ The probe is easily handled with hot cell manipulators.
¢ NIR moisture data can be obtained frorffedent iegions of arextruded core sample of radioa&t tank waste and along
the total length of a coregment (approximately 48 centimeters in lengtividing an indication of core homogeneit

» Demonstration of the NIR prided accurate measurementsovar sixty actual radioaiee waste samples.

* The remotdiber-optic probe is compatible with a cone penetrom#te Light-Duty Utility Arm (LDUA), and other
mechanical deployment systeraad is also applicable for use in on-line processing applications.

» The NIR method has been proposed to the Safety Program at Hanford as a replacensdi®fontathod.

Figure 2 The NIRfiber optic probe can be handled by theU/
CONTACTS

Technical
Fred ReichPrincipal hvestigato, SGN Eurisys Services Corporatj@¢s09) 376-4063.
Dave Dodd Laboratory ManageNumatec Hanford Compg (NHC), (509) 373-2154.

Management

Ted Pietrok, Tanks Focus Area Team Lead, Department of Energy, Richland, (509) 372-4546.
Kurt Gerdes, Tanks Focus Area Program Manager, DepartmentrgyBreadquarters, (301) 903-7289.
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SECTION 2

TECHNOLOGY DESCRIPTION

. BaCkg 1O U N (] s

Water concentration of the higbsl waste (HW) stored in the undground tanks at the Hanford Site is a critical paranfieter
the safe storage of radioaet waste (Postma et al. 1994).

* Radioadlve waste composition is conegland heterogenous in nature.

» Characterizationféorts have identfied compéx organic (e.gcyanide kerosene) and imganic chemicals (e.g. nitritesitrates,
hydroxide) as well as high-aistity radioacive metalsincluding cesiumtechnetiumstrontium and actinidesin the H-W.
¢ Scientists bve identfied that eganic orcyanide reactions with the nitrate could potentially produéfécant enegy to
release dangerous and hazardous chemicals tovinenenent.
¢ Tank waste with water concentrations greater than 17 weight percent @&4)den sbwn to be stableven though
they may have high kvels of aganic or ferroyanide materials (Babad et,dl995). It is speculated that the water acts as a
diluent and reduces or eliminates the potentiaiothermic reactions.

. Instrument Components e

The NIR system consists of a spectrophotometer and a rébepteptic probe connected Ififper-optic cableas described ba.

FTIR Spectrometer

Hot Cell

Fiber Optic

Cable

Fiber Optic
Probe

Hot Cell Core

Sample

Computer

Figure 3 The hot cell neainfrared (NIR system with a remotehemical and radiation-hardenioker-optic probe
measures the water concentration of a highHwaste sample at Hanford.

TheFourier transform-infrared (FTIR) spectrophotomgterchased from BioRad Figuide Industriesncorporates a dynamic
interferometer alignment in a high-throughput @rde Michelson interferometer with:

spectral range between 10,000 to 3,300,cm

0.5 cmt resolution,

quartz-substrate beam splitte

tungsten halogen lamp souread

an indium-antimonide liquid-nitrogen cooled detecto

SO

A typical analysis requires data recordsdr a spectral range of 10,000 to 3,30¢,dire egion that includes the 6,600 and
5,200 cnt water absorption peaks.
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TECHNOLOGY DESCRIPTION continued

. Remote Fiber-OptiC Probe  ———

Comparison tests with simulant and real waste materials were used to Sbkab@tic probe design that was optimized for
remote hot-cell applicatioThe hot-cellfiber-optic cable is a 50-matei-furcated cable composed of 40 input and 40 output
opticalfibers The features of thiéber-optic cable are:

¢ radiation-resistanl00-um diameter silica cofiers (step-inek) with doped silica cladding and a polyamide
protecive mver,

¢ a polyethylene jacket that is chemical and radiation resistant.
» Longer (or shorter) cable lengths can be used with the current NIR system.

» The nickel-plated probe housing contains a unique optical design that reduces stray light and makes the privleetinsensit
waste formThe probe was purchasedrfréxxiom Analytical Incorporated.

Figure 4 The NIR systens ruggediber optic probe.

» The spedications of the probe include:

4 to 5 mm spot sizeea-collimated beam,

flat respons@ver a sample-to-probe distangiation of 6 mm,

10 to 15 dgree angled output lens and sapphire aintb reduce stray lighand

an apertured input lens (small on-axis spot) to reduce stray light reflections into the fibtatptic channel.

SO O
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TECHNOLOGY DESCRIPTION continued

. PLS-based Numerical AnalySiS e

The NIR systenaxtracts water concentration data from a numerical method that is based on PLS analysis.

» All spectra are pre-processed by smoothing and *zifting.

The pre-processing and PLS method were selected after comparison tests were completed with a number of options using the
principal componentegression (PCR) model.

e The PLS software was part of the package included in the Biorad spectrophotometer hardware purchase.
» The chosen PLS model demonstrated a standsiatidn of 1.57 wt% as compared with 1.89 wt% for the best PCR model.

Additional discussion of the PLS numerical analysis is included in Section 3 under performance issues.

PAge 5
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SECTION 3

PERFORMANCE

. DemOoNStration OVEIVIEW

The performance of NIR spectroscopy for determining water concentration and materials homogeneity is demonstrated by two
applications described logl. Thefirst application illustrates the potential for ascertaining moisture gradient in a taténsim
materia) while the second applicati@waluates the potential for sensing similarities between tank wastes.

e The NIR methodology must @ride precision and accumathat is egivalent to the baseline technojo@ata fran TGA
analyses of coreegments were directly compared with data acquired with the NIR spectrometer inside the hot cell immedi-
ately afterextrusion. In additiopaliquots were reved from the same spot on the casgnsent that was measured with the
NIR spectrometeand weight loss bgven heating was conducted.

. First Demonstration: Moisture Gradient in Settled Simulant ————

» A small cylindrical vessel of clear polyethylene wiiiged with simulant and used in @periment to determine if moisture
gradients would e/elop from the settling of tank wastes (Reich et1&I95).

¢ After excess water had been initially draingds simulantfilled vessel was ailved to sit in avertical position foover 1-
1/2 years. If water were to settle out due &vity, there would be a moisture gradient in Wesseland the water
concentration would be greatest near the bottom ofetbsel.

* The NIR system was used to analyze the water concentration of the simulant by *Itlukingh the wall of the clear
polyethylenevessel.

O The spectra recorded areosim in Figure 5 (recorded at 0.25 inabrtical increments).

2

Simulant Vessel - 2

NIR Spectra: z acan, fop-bottom (0.25" intervals)
ion average: shifted 1300=0

M/ Y
‘A\ f

% TR
- > o

Vessel 7 ’m ~

TW: o l’ : £ Absorp
0.0 e T
800 = Z300 1200
Arbltrary Y / Arbitrary'X T Hide3D Z-Zoom CURSOR
File # 1 = Z2SCAMUL¥1 @ 0 Res=None

Figure 5. NIR spectra were obtained at 0.25 inetaébns in the simulant settling testssel.
The sampling positions aremim as the z-axis in the isometric graph.

¢ The NIR spectral range (12,500 ttn 5,600 cm, or 800 nm to 1800 nm) includes only the 7,100 ¢t400 nm) water
absorption band.

O The lack of ay spectral heightariations for the 7,100 ch§{1400 nm) absorption band in Figure &8k that water
migration as a function of grity is minimal.

¢ Note that the stability of the NIR system can be assessed by the spectral amplitude and uniformityfile thietfpeo
C-H overtone band.
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PERFORMANCE continued

» To aid in determining moisture gradiespectra were recorded from simulants witbvin water concentrations.

¢ Figure 6 illustrates what would be obs#le if a lage, continuous moisture gradiegtisted in thefilled vessel.
These spectra are from simulant samples with water concentrations ranging from 0.6 wt% to 32.3 wt%.

wt% Moisture:

323

Absorbance

¢ 0.8
1 o
800 1000 1200 1400 1800
T T T T

Wavelength (nm)

Figure 6. Calibration spectra from simulant samples/skiater concentration ranging from 0.6 to 32.3 wt%.
O Note that the polyethylene C-d¥ertone is not preseras these measurements were made directly from the simulant surface.

¢ The calibration samples were prepareditsf drying the simulants and addingoum amounts of water to dried aliquots.
After spectra collectigrthe water concentration of each sample wasthdfied by thermogaimetric methods.

» The homogeneity of the simulant sampleater concentration is more visible in Figurevihich stows spectral residuals,
or differencesThe spectral residuals were obtained by using a reference of one recorded measurement.

¢ The absorption bandentered around 8,300 ¢rf1200 nm) in Figure, s the C-Hovertone from the polyethylenessel.

Reference: (6.71" Position)

Simulant Vessel - 2
NIR Spectra: z acan, top-bottom (0.25" intervals)

3 ion avetage: shifted 1300=0 Vessel Wall Absorption
(6.71° - position)
1.5
- Vessel
Boftom:
3 -7 40
1
0
. ,_..».—-";“\\“ T ot ‘
o S T A M e N,
'ﬂ”WW‘ oo N
5 i NS e S P sy e - A A “
M" AN ° MW
| F e e Wiy = e ‘0‘4"\ 20
Vessel : comerer SRR GIRREETTT = 5R : - A
Top: 4 b
A N e o
0.0"0 AN
0
800 1000 1200 1400 1600 1800
Wavelength (nm)
Arbitrary Y / Arbitrary' X i ! T Hide3D Z-Zoom CURSOR
File # 1 = Z2DIFF247 @ 6 Res=None

Figure 7 A representation of theffirencesor residualsamong the samples.
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PERFORMANCE continued

B Second Demonstration: Homogeneity of Tank Waste COre e —_—_— —

» The ability to indicate homogeneity within real materials was demonstrated using the NIR spectra obtained from tank core
samples.

» Figure 8 sbws NIR spectra that were obtained from nirféedent waste tank core samples using the NIR sySthen
samples were from wastes generally cfassias tank slurrigsvhich normally contain sigficant amounts of wate

8

Real Tank Waste
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Figure 8. NIR spectra were recorded from core samples taken from fifémerdiwaste tanks
with the NIR moisture monitor system.

¢ Theoverall shape of the NIR spectra are the composite absorption bands froravesteres at 7,100 chf1400 nm)
and 5,300 crh(1900 nm) and from thevertones of myanic and inmgyanic compounds thakhibit strongovertone
absorptiorover the 7,700 crito 4,500 cm (1300 nm to 2200 nm) avelength rangeor example the C-H stretclover-
tone band is centered around 8,300 ¢€h200 nm).

e The spectra in Figure 8 were numerically analyzed using the PLS prdgsimgle set of eige/ector spectra is calculated
from the ensemble of spectra.

O For each indvidual spectruma scaling constanbr a score cdécient, is then calculated for each of these common eigen-
vectors.

O The process is itefige in that the eigwectors and scores are migeti until the composite error between the reconstructed
spectrum and the original spectrum reach a mininsvei. |

O Each spectrum can be reconstructed by summing the product of its scores times the commeatoesgdecause eigen-

vectors are common for these reconstructed spaot@mparison of spectra scores can be used as an indicator of similar-
ity or homogeneity betweenftiirent spectra.
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PERFORMANCE continued
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Figure 9. Eigavector scores were deed from the PLS model analysis of spectra from the tank waste cores.
The x-axis = eigavector #1; y-axiz = #1 through #6 eigectors.

» Figure 9 compares six eigector scores for the tank waste spectra in Figure 8.

¢

In each platthe x-axis sbws the #1 eigavector scorewhile the y-axis is the #1 through #6 aigector scoresstarting
with #1 in the upper left corner and ending with #6 in taet right corne

Spectra thatdwe a similar shape and magnitumer their total vavelength range will &e scorevalues that cluster
together in each of these x-y plof&e clustering or grouping of their scores is a direct indicatiowfdimilar or
homogeneous the spectra.dreus the score clustering in Figure 9 can be used as an impartial test to determine
similarities or diferences among the spectrash in Figure 8.

For example Figure 9 sbws #3 {Tank U-109) and #9T@nk S-110) spectra shouleMe similar amplitude and peak
shapesbecause all their scores are grouped in all the x-y plots. Comparison of spectiank#3-09) and spectrum
#9 (Tank S-110) in Figure 8 stvs theexpected similar spectral shape between the two.

An examination of the historical wastaventory d Tanks U-109 and S-110ahis these spectra were obtained as direct
waste transfers fro Tank U-102 (Agew 1995) The historical iventory record indicageTank U-109 redged a transfer
from U-102 in thdirst quarter of 197,/Avhile Tank S-110 redeed a transfer fim Tank U-102 in the second quarter of
1977 These transfers were in the 100,000 to 300,000 gallon.réhgee is a probability the waste sampte$ank

U-109 aml Tank S-110 are of the same type aaekha similar chemical makeup.

A similar homogeneity assessment can be made for spectrurarIAV-101) and spectrum #14gnk U-107).
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PERFORMANCE continued

¢ Figure 9 also displays close clustering for spectrunTabk( U-109) and spectrum #Vahk U-109) The similarity of
these two spectra is not surprisibgcause these core samples are from adjasetg h Tank U-109; their separation
is estimated to be less than 25 centimeters apart.

¢ In contrastspectra #18Tank U-108) and #17Ténk U-108); and spectra #Bafik U-109) and #14T@nk U-107) sbw
a wide spreadepresented in Figure 9. Figure &wsh there are sigficant df-set and shapeffierences between these
spectral pairgresulting in a spread of scores.

. CONCIUST0NS o

* TGA showed signiicant diferences among duplicate measurements on some saif@dsiR did not appear to fer the
same shortcomings.

* Between 4 and 25 wt% wat¢he NIR is reliable and consistent.
» The commercialiber-optic cable and components of the NIR probe will isserin a highly basiqoH > 12 radioacive waste
tank ewironment. No chemical or radiation damage has beenvaastar the probe anfiber-optic cable left in a hot cell for

over nine months.

e The NIR reduces the time needed to obtain m@iacentration data with errors comparable &NBA method.

= Pgge 10
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SECTION 4

TECHNOLOGY APPLICABILITY AND A LTERNATIVE TECHNOLOGIES

. TEChnO|Ogy App'lcablhty e ——

The NIR system can be used for remote moisture sensing figrmeerials with a wide range (0a@ger 50 wt%) of moisture
levels and a wide range of physical characterigtictuding:

¢ optically opaque or transparent,
¢ radioacive, caustic or acidic materialsand
¢ liquid or solid.

» The NIR system has been applied to measurements of DOEehghadioadtve waste tank sampleBhese wastes are
particularly dificult to measure because of their widegiation in color (optical absorptigrparticle sizeand physical sta
(saltcake to slurries).

e The NIR system uses a remote probe andiges a nearly instant water concentratialug which is applicable for on-line
applications where real-time moisture data are requidtbugh free water in a sample is usually the dominant feature,
the NIR system is also sermgd to water that is chemically bound to other chemical species in the sample.

. CompetingTeChr]O'Ogies e ——

The current Hanford Site baseline water measurement system is the tiagimmetgc analysis (TGA) methgevhich uses

weight loss as the basis for determining water content in waste samples.

 This technique is based on measuring the total weight loss of a sample as the temperature is increased at a programmed rate
to a preprogrammed end point.

» Typical sample mass interrogated by this method is generally small (between 10 and 30imeg)orétest weight of a typical
core ggment.

e TheTGA technique assumes the analyzed sample is reprégeofadn entirextruded core gment (approximately 500 g)
and that water concentration is constant before and during preparation of the sample for analysis.

» The TGA method does not measure the amount of vestdved during the heating procdzg rather measures total weight
loss which may result fronevaporation ofvolatile aganic compounds or breadsn of inarganic compounds with thexpul-
sion of oxygenated compounas theevolution of other products from the heating process..

e The TGA method requires contact and manipulation of the radveastastes with risk of spread of contamination and
exposure of personnel to ionizing radiation.

» The TGA method generates a sificéint amount oéxcess secondary wasteixed waste that must be rewed and disposed.

» The TGA method is not an instantanepresal-time measurement technigaad samples maskperience water loss before
the measurement can be initiated.

» Several other instrumental technologiesy, Karl Fisher titration moisture analyzehsve beerevaluated for their capability
to measure the water content of waste samples. Each of these methods has been demosgateshsutement limitations
from a production facility perspeee.

. TeChnO|Ogy Maturity e ——

NIR absorption for measuring the water content of sdimlsids, and gases is a widely é&nn technique.

» Water absorption bands normally dominate the infrared and NIR ogtigahg making water an agrse interferant in the
use of spectral absorption for qualitator quantitave measurement of other chemical species.

» The development of numerical analysis software; higticgncy, room temperature NIR optical detectors; and rugged optical
fibers lave opened opportunities for macommercial application§hese applications include water analysis inrflou
cookie doughtobacco paper production linesuclear fuel pwders and other production line products. In fat NIR-
based system is currently a standard method for measuring water concentration in unprocessed grain.

* NIR-based systems for moisture sensing inikat benign productionr@ironments are currently commerciadiyailable.
However, commercial systems for remote sensing iveask chemical and radioagt ewvironments are not readirailable.

Page 1] we—
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SECTION 5

B ntroduction

Cost data presented bel are deived fromexperience in the purchase of capital equipmentdeaige both the capability and
the capacity to meet the anticipated work load.

e Costs for the NIR system for production measurements anadtebw.

e Current systems are in place; and therefeq@acement costs are estimated to maintain reliability of the caVabitn
replacement of this unit is requiretle cost iexpected to be considerably Iebecause this unit was purchased with
considerablexcess capability to perform quantitet analysis ofeveral other analytes besides waldese capabilities
are not required for the current use.

. C&pit&' COSTS | —

The following table compares capital costs of instruments currently required to meet the lalsonaideyoad demands.

» Cost data clearly siv NIR measurements canopide the required data at lesgense than multipITGA units. One NIR
instrument can measure water concentration in samplegse@e the Hanford Site. Data collection iffisiently rapid that
multiple instruments for the estimated 15-sample-a-week capacity are not refuiestrument for backup is good labora-
tory practicebut not required.

Table 1. Capital Cost Comparns®able ($K)
Initial Cost Replacement Cost
NIR 125 45
TGA 18¢ 150
TGA-IR? 120 e 100 e&

! TGA with infrared déf-gas analyzer $ters from same small sample size avipus analyzer systems.
2 Currentl, three TGA systems are d@gely maintained to wvide capacity with an additional unit as backup.
3 Replacement of BTGA systems with this capability is not planned due to increased labor castli@mtion of data.

. Operating GOt S  ——

The table be&w provides a cost estimate to perform water measurements on highly radisachplesThese costs are presented

in hours and dollardased on FY 1996 costs.

* These estimates assume multiple samples vallige dficiencies of operatigrsuch as batching samplesc. Continuous
operation will reduce to a minimum the ratio of quality control samples to actual samples.

e These estimates do not account for red@zedsure of personnel to ionizing radiati¥vorker exposure to contamination is
a signficant concern with the basetifGA method.

Table 2. Operating Cost Comparistable
Hours per analysis $ per analysis  Assume 15- sampl  Annual cost
weekaverage
NIR 1.0 $60 $0.9K N/A
TGA 4.0 $250 $3.8K $99K
TGA-IR 5.0 (est) $300 (est) $4.5K (est) $187K

= Page 12
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COST continued

* Time includes preparing the samperforming analysjsand interpreting data.

2 This is a 1ew instrumental technique and is not fully routiAdditional cost is necessary for interpreting IR spectra iitiadd
to sample handling and analysis.

3 Correlation between dollars and hours is inconsidbeatuse flierent labor rates are used éoempt chemists and
bargaining unit chemical technologists.

* Values representftitrences between annual cost by the methods used and NIR as the baseline.

. Cost Summary e

The comparison of NIROtTGA shows a clear reduction in capital costs andrgelaeduction in operating costgn annual
savings of at least $100K in operating costs camdpected from the substitution of NIR for the accd@&A methodolog.
 Capital costs reflect the need for @& A instrumentswith a cost of $60K eaclo have suficient capacityavailable to
meet the workload demands on the laboyaidne current assumption is that the ndrif@A units would be used for routine
analyseswhile the TGA-infrared (IR) instrument would perform analyses when anomaliesewielent in the TGA data.
The additional capitabperating cost@nd compixity of operation make #TGA-IR measurement labor intéws The
workload on this instrument expected to be minimal; although when the capability is requtredll be used.

Operating costs are directly related to personneldéipended on renving sample aliquots from the hot ¢dtlading tle TGA

sample pajsetting up operating parameters on the instrunaedevaluating the resulting data.

« The NIR eliminates the need for reving samples from the hot cell and loading the sample ietd@A instrument — the
two most time-consuming steps irrfAiGA measurement procegssmall cost factor is included in theale table for
decontamination of work areas.

These costs do not consider the quality of information razalable by thevarious technique3he NIR measures water
concentrationwhereas bét TGA andoven measurements are based on total weight loss as a sample isThedt€h-IR

also povides water concentratidout with a sigrficant cost in timexpended by chemists interpreting data. Data in the table
include an estimate of time required for analyses that are rerun for imprecision in results; the data cannot estinupiglitsck of
for other reason®.g, presence of otheslatile components.
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SECTION 6

REGULATORY/POLICY ISSUES

. Regulatory CONSIOEIAtioNS  m——

The NIR system uses aw-power light source that does not require special controls or permitting for use. No specialngermitti
is required foexcitation source emgy or for signal ermgy output. Samples remain within the hot cell rather than beidgdoa
out for analyses in fume hood laboratory operations.

B Safety, Risks, Benefits and Community Reaction  i—

Safety Risks

By performing the measurement entirely within the hot deK is signficantly reduced for the spread of radidaeicontamia-

tion, exposure of personnel to ionizing radiatiand inhalation of radionuclide-contaminated particulates. Baseline technology
requires direct samples to be @med from the hot cell and analyzddhe potential for spills anekposure to the alve risksis
always present when these operations are performed.

Training personnel for operating the NIRIAIGA-IR instruments andvaluating resulting data is egalent with egard to time
and priorexperience. No additionakpertise is necessary for the hot cell technologists to operate the NIRTtebrele of
Radiological ContrbTechnicians is reduced slightly by the reduced numb&Gé aliquots rermoved from the hot cell.

Environmental Impacts

* The NIR system ailvs the sample to remain inside the hot, edfilere containment is complete and hazards to workers and
the workplace is miniscul@he NIR therefore provides additional measures of safety to workers and the workplac¢he
baseline technolgg

e The NIR system requires minimal spathe probe requires approximately 30 by 30 centimeters inside the hanhdeihe
spectrometer can be placed on a desk out of tfiie fpattern A cable less than two centimeters in diameter and approxi-
mately 30 meters longonnects the probe and spectroméifhe cable can be as long as the measurement area dictates.)
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SECTION 7

LESSONS LEARNED

. DESign [SSUE'S s

Simulants lack some important chemical constityémttuding radionuclideghat tave a sigrficant impact in the NIR
probeés optical bandActual waste materials are required to comdiei@ design and testing.

The partial least squares (PLS) modeling methods need simulants that are repeesétttat physicabptical and moisture
ranges of the wastes that are to be measured with the NIR moisture probe.

A fiber-optic probe can be designed with minimal sénsitwith respect to the probe-to-sample distance (ffftazariation.
The NIR probe was designed with a liff-cange of +/- 3 mmallowing the probe to be remotely positioned and handled with
the hot-cell manipulators.

The NIR probexhibited some sensiity to variations in sample surface height. It was necessary to flatten the sample area
to get reproducible spectral data.

Safe operations require that the hot-cell technologist be able to see the sample and the bottom offthe pevbieg
windows of a hot cell are normally Sicient for placing and using the probe to make water measurembeatprobe was
fabricated with standfbpins attached to the casehich piovides a posite non-contact distance from the sample being
interrogatedThe pins contact the sampénd this keeps the probeoptical winadw from contacting the sampl€his non-
contact cofiguration eliminates the need to decontaminate the opticabwibdtween sample measurements and reduces
the probability of cross contamination between samples causing erroneous analytical results.

H Implementation Considerations —. — — ——————

The major issue for acceptance of the technology is presentation of cavepdeitd to demonstrate reliability of the NIR
system to the Safety Prograiffices at Hanford.

B Needs for Future Development e

» To demonstrate sensity levels to @ganic chemicalghe NIR system needs to b@luated with tank waste containing

organic species.

» A probe design that compensates for optical scattering due to chemical and physical changes is needed for an in-situ,

tank-deployable moisture system.
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APPENDIX B

SITE DESCRIPTION

The Federal gvernment established the Hanford Site near Richlalaghington in 1943 to produce plutonium for national
defense purposethe Hanford Site occupies approximately 1,450 square kilometers of land north of Ri€hapdoduction
mission ended at the Hanford Site in 1988 current Hanford Site mission is waste managementraimdrenental restora-
tion, which includes programs to manage and dispose of radigdeizardousand mked wastes thaixist at the site.

At the Hanford Site149 single-shell tanks (SSTs) were constructed between 1944 and €64 tanks reded high-evel
radioactve waste until 1980Vaste in the SSTs consists of liquisleidgesand saltcake (crystallized saltsyed the years,
much of the liquid stored in SSTs has be@porated or pumped to double shell tanks (DSIgnty eight DSTs were
constructed at the Hanford Site between 1970 and T9®6DSTs are used to store liquid radinectvaste from the SSTs
andvarious Hanford Site process&be waste is partiallyegregated and stored in tanks based on composigesl of
radioacivity, or origin.
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